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Abstract: In this paper we reanalyze the issue of fine-tuning in supersymmetric models
which feature Generalized Gauge Mediation (GGM) in the light of recent measurement of
the mass of the light Higgs particle and taking into account available data on the value
of the muon magnetic moment gµ − 2. We consider GGM models with 3, 5 and 6 input
parameters and reduce the fine-tuning by assuming simple relations between them at the
high scale. We are able to find solutions which give the correct value of the light Higgs
mass and are less fine-tuned than models with standard gauge mediation (and with gravity
mediation), however one never finds fine-tung measure lower than about 102 if one neglects
the data on gµ − 2 and and about four times more if one takes the constraint given by
gµ − 2 into account. In general the current gµ − 2 data push the models towards the high
fine-tuning region. It is interesting to note, that once one removes the contributions to the
finetuning induced by µ and Bµ, then in the case with neglected gµ− 2 constraint one can
easily find realistic vacua with fine-tuning of order 1 or lower, while the fine-tung remains
always large when the gµ− 2 constraint is enforced. One should note, that in the last case
even a small shift of the light Higgs mass towards smaller values both reduces fine-tuning
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1 Introduction
The discovery of the Higgs boson at LHC with mass of about 126GeV seems to favour
MSSM which predicts that the lightest Higgs boson can’t be much heavier than Z boson.
However Higgs mass this far from Z mass requires large radiative corrections which have
to come from heavy supersymmetric particles. Such heavy sparticles reintroduce some
fine-tuning in MSSM [1, 2] because large supersymmetric parameters also have to cancel
out to secure electroweak symmetry breaking at the correct energy scale, thus threatening
the motivation of SUSY as solution to naturalness problem.
In MSSM large fine-tuning originates from requiring sparticles heavy enough to gener-
ate observed Higgs mass. In mSUGRA models the simplest way of increasing Higgs mass
is to get maximal stop mixing which increases dominant stop correction, but requires large
negative A-terms. In gauge mediated models [3–13] however, usually only negligible A-
terms are generated at the SUSY breaking scale. So the Higgs mass can be increased only
using non-universality of scalars and fermions through subdominant corrections.
General gauge mediation [14] has already been studied in terms of phenomenology [15,
16] and specifically fine-tuning [17, 18]. However, we shall reanalyze the issue of fine-
tuning taking into account the recent measurement of Higgs boson mass and data on the






appendix) of a well known algorithm used to find SUSY spectra [19–21], to check how
much fine-tuning can be expected in gauge mediated SUSY breaking models in the light
of recent Higgs boson discovery.
We also redo the same calculation in mSUGRA model using updated experimental
bound on superpartner masses [22, 23], and check how calculating fine-tuning using stability
of Higgs mass rather than usual Z mass can improve these results.
2 Electroweak breaking in MSSM and fine-tuning
Neutral part of the scalar potential in MSSM takes the form







(|Hu|2 − |Hd|2)2 . (2.1)
Naturalness problem appears in MSSM when we require that the above potential gives
correct electroweak symmetry breaking, which gives us Z boson mass in terms of superym-
metric parameters
M2Z = tan 2β
(
m2Hu tanβ −m2Hd cotβ
)− 2µ2. (2.2)
Pushing light Higgs mass to the observed value of 126GeV requires large radiative correc-






















mt˜1mt˜2 is the average of stop masses, and Xt = mt(At − µ cotβ) is an
off diagonal element of stop mass matrix. Parameters in (2.2) also receive top-stop loop
corrections


















and At are supersymmetric parameters that predict the stop mass, and
Mu is a scale at which soft masses are generated.
So requiring correct Higgs mass gives large corrections that have to cancel out on the
right hand side of (2.2) to give the correct MZ .
We define fine-tuning measure with respect to parameter a as follows1 [27]
∆a =
∣∣∣∣∂ lnM2Z∂ ln a
∣∣∣∣ . (2.5)





1The numerical procedure used to calculate fine-tuning is detailed in appendix A.6.
2Our measure describes sensitivity of electro-weak scale with respect to parameter that would destabilize
it most significantly. We did not use a measure that would sum up fine-tuning from all free parameters



















Figure 1. Fine-tuning from Higgs mass and Z mass in mSUGRA model with soft terms generated
at scale Mu = 2.5× 1016GeV and with tanβ = 40.
Remembering that fine-tuning in the Standard Model actually appeared in the Higgs boson
mass we can define fine-tuning with respect to Higgs mass in MSSM
∆h a =
∣∣∣∣∂ lnm2h∂ ln a
∣∣∣∣ ; ∆h = maxai ∆h ai , (2.7)
and calculate it numerically similarly to fine-tuning with respect to Z mass. In our figures
we plot several regions of allowed solutions corresponding to different models on top of each
other, because only the borders of these regions (corresponding to the minimal fine-tuning)
are actually important. Figure 1 shows that as expected fine-tuning from Higgs boson mass
turns out to be similar to the one obtained from Z boson mass and usually is a few percent
lower.
3 Gravity vs gauge mediation
Meade, Shih and Seiberg [14] defined gauge mediated models as those in which visible
and hidden sectors decouple when gauge couplings vanish. They also have shown that in
general such models can only have six parameters determining the low energy sparticle
spectrum. In this work we parametrise the high energy soft SUSY breaking terms with


















































for f = Q,L,Hu, Hd






for f = Q,U,D
0 for f = E,L,Hu, Hd.
Parameters above are assumed do be independent of each other at the high scale so the
full set of parameters used in fine-tuning calculation is as follows
ai = {mY ,mw,mc,ΛY ,Λw,Λc, µ, Bµ}. (3.4)
A specific model of gauge mediation gives above quantities in terms of physical parameters
present in the model. As an example we use two of the models published in [28], the first
of which (GGM1) is defined by the superpotential
W1 = Xi(y
iQ¯Q+ riU¯U + siE¯E), (3.5)











In terms of which soft masses take the form


























and full set of parameters used in fine-tuning calculation is as follows
ai = {ΛQ,ΛU ,ΛE , µ, Bµ}. (3.8)
The second model (GGM2) is defined by
W2 = Xi(y


























Again we obtain soft masses of the form
mc = Λq + 2ΛQ + ΛU , mw = Λl + 3ΛQ, mY =
2
3




































and full set of parameters used in fine-tuning calculation is as follows
ai = {ΛQ,ΛU ,ΛE ,Λq,Λl, µ, Bµ}. (3.12)
Main disadvantage of gauge mediation in respect of fine-tuning comes from the fact
that only negligible A-terms are generated at SUSY breaking scale. Large mixing in the
sfermion mass matrices would increase its contribution to Higgs mass as in eq.(2.3), and
make it easier to achieve the experimental result of Higgs boson mass. On the other hand
prediction of nonuniversal gaugino masses makes it easier to avoid experimental bound on
gluino mass. Nonuniversal scalar masses help avoiding bounds on masses of the first and
second generation squraks. We use the following bounds on sparticle masses [22, 23]
mg˜ ≥ 1500GeV,
mu˜i ,md˜i ,mc˜i ,ms˜i ≥ 1500GeV i = 1, 2,
mt˜i ≥ 560GeV i = 1, 2, (3.13)
m
b˜i
≥ 620GeV i = 1, 2,
mχ˜1 ≥ 250GeV.
We also assume Mu = 10
8GeV and tanβ = 40. Figure 2 shows that generally models with
larger number of free parameters predict smaller fine-tuning because they allow to increase
Higgs boson mass with subdominant corrections. We also checked that varying the scale
Mu between 10
6 and 1012 dose not change the shape of that result, while the value of lowest
possible fine-tuning changes by up to thirty percent (with lower scales predicting smaller
fine-tuning).
In a general model with 6 parameters, the biggest sources of fine-tuning are the gluon
mass parameter mc or contributions to scalar masses connected with color Λ
2
c or weak
interactions Λ2w. The µ parameter contribution is small in solutions that minimize fine-
tuning for a given Higgs mass (which are points that constitute the lower border of allowed
fine-tuning regions in our plots), because it actually depends on the value of µ. This
value can be decreased by increasing Λ2Y and Λ
2
w and decreasing Λ
2
c which increases high
scale m2Hu while keeping masses of coloured particles fixed. The value of µ decreases
with decreasing energy scale and eventually runs negative to secure correct electro-weak
symmetry breaking, as we can see from large tanβ approximation of (2.2)
m2Z
2
≈ −mH2u − |µ|2. (3.14)
As we can see, increasing high scale m2Hu makes it run down towards smaller negative



















Figure 2. Fine-tuning in models GGM1 and GGM2 as well as in the general six parameter case.
that would increase overall fine-tuning aren’t changed, we obtain a scenario with smaller
µ parameter and similar fine-tuning. Meanwhile, increased Λ2Y and Λ
2
w give us larger sub
dominant corrections to Higgs mass due to increased masses of non coloured particles. The
contribution from Bµ parameter is usually small since it enters fine-tuning calculation only
through minimization condition of the scalar potential, that gives us new value of tanβ
coming from changed supersymmetric parameters. And so the result is suppressed by a
factor coming from (2.2)
∂
∂ tanβ




1− tan2 β =
2 tanβ




which is small for large tanβ.
In model GGM2 squark and gluino masses obtain contributions from all parameters
connected with color interactions ΛQ,ΛU ,Λq and fine-tuning coming from these masses
is distributed among these fundamental parameters. The largest fine-tuning contribution
turns out to come typically from the µ parameter and can come from one of the parameters
connected with color only if said parameter is much larger than the other two.
The same can be said about the model GGM1. The biggest source of fine-tuning is
usually µ, except cases where one of the other parameters is much larger than the other two.
4 Reduction of fine-tuning in GGM
The simplest way of reducing fine-tuning is assuming we are considering a model that






of some fundamental parameters. For example, if gaugino masses Mi are given functions
of parameter M 1
2
we obtain


















































































If these functions were logarithms
fi(M 1
2











Keeping in mind that fine-tuning is proportional to soft terms ∆Mi ∝Mi, we obtain ∆M 1
2
∝
m˜. However to reduce fine-tuning that way m˜ would have to be safe from fluctuations. If
it was not, we would also have to calculate fine-tuning form m˜ assuming fi from (4.3) are
functions of m˜ which means that logarithms in (4.3) are just proportionality factors and
we obtain the same result as for soft terms proportional to each other in (4.2). Keeping
that in mind we check only how the usual proportionality of nonuniversal soft masses and
µ parameter can reduce fine-tuning in models GGM1 and GGM2 as well as in the general
case. As one can see from figure 3, simple proportionality of soft terms can greatly decrease
fine-tuning in GGM but one still finds ∆ > 100 for mh = 126, even in the most general
case. We have also checked that in models considered here (for example GGM1 in figure 4)
fine tuning coming only from the gauge mediated soft terms can cancel out very precisely
if they are proportional to one another, as pointed out in [29].
5 Constraints from gµ − 2
In this section we check whether discussed models can accommodate the discrepancy be-
tween measured muon magnetic moment and the standard model prediction [30, 31]
δaµ = a
EXP
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Figure 3. Fine-tuning in models GGM1 and GGM2 as well as in the general six parameter case












Figure 4. Fine-tuning in model GGM1 with and without contribution to fine-tuning from µ and
Bµ parameters and with soft terms proportional to each other.
The simplest approximation of supersymmetric contribution to muon magnetic moment
is obtained by assuming that tanβ is large and all masses in slepton sector are equal to















































Figure 5. Regions of largest possible SUSY contribution to muon g-2 and corresponding fine-tuning
which indicates a problem since Higgs boson mass depends on soft breaking terms only
logarithmically. We evaluate δaSUSYµ numerically using full 1-loop SUSY corrections and 2-
loop QED logarithmic corrections from [32]. From figure 2 we can see that only the general
case predicts δaµ within 1σ bound for mh = 126, while other models fall out of 2σ bounds.
Even in the most general case it is hard to increase δaµ because all slepton generations





m2L3 ⊃ 2|hτ |2(m2Hd +m2L3 +m2E3 +A2τ ) (5.3)
which can make stau tachionic before smuon is light enough to produce the required value
of δaµ.
Also requiering small masses in slepton sector means we can only increase Higgs mass
with dominant squark corrections which increase fine-tuning. And we are left only with
solutions with much higher fine-tuning than those that use sub dominant corrections to
Higgs mass which we described in previous chapters.
6 Summary and conclusions
We have reanalyzed the issue of fine-tuning in supersymmetric models which feature Gen-
eralized Gauge Mediation (GGM) in the light of recent discovery of the 126GeV Higgs
particle and taking into account available data on the value of the muon magnetic mo-
ment gµ − 2. We consider GGM models with 3, 5 and 6 input parameters and reduce the
fine-tuning by assuming simple relations between them at the high scale. We are able to
find solutions which give the correct value of the light Higgs mass and are less fine-tuned






lower than about 102 if one neglects the data on gµ − 2 and and about four times more
if one takes the constraint given by gµ − 2 into account. In general the current gµ − 2
data push the models towards high fine-tuning region. However, it is interesting to study
the fine-tuning after removing the contributions to the fine-tuning induced by µ and Bµ,
since it isn’t obvious that the origin of these two parameters has anything to do with gauge
mediation. It is interesting to note, that once this is done, then in the case with neglected
gµ−2 constraint one can easily find realistic vacua with purely gauge mediated fine-tuning
of order 1 or lower, while the fine-tung remains always large when the gµ − 2 constraint is
enforced. One should note, that in the last case even a small shift of the light Higgs mass
towards smaller values both reduces fine-tuning and helps to improve agreement of a model
with gµ − 2 data. Decrease of the Higgs mass down to 123GeV reduces the fine-tuning by
a factor of 2.
To sum up, in models featuring GGM one can naturally obtain fine-tuning smaller
than that in models with gravity mediation, despite vanishing A-terms at the high scale.
Moreover, considering exclusively fine-tuning coming from gauge-mediated soft masses one
can easily achieve arbitrarily small fine-tuning while staying with the correct value of the
light Higgs mass. Imposing the agreement of the model with the gµ − 2 data restricts
parameter space to the region of enlarged fine-tuning, but it is possible to find models
which fit into the 1σ band. Even a small decrease of the measured value of the Higgs mass
would allow for much better agreement of GGM models with measured gµ − 2.
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A Numerical procedure
The numerical procedure we used is similar to the ones used in existing codes like [19–21].
We work with quantities renormalized in DR and use renormalization group equations
(RGE), to iteratively find low energy parameters for a given set of high energy set terms.
A.1 MZ scale























calculate radiative corrections to couplings
gi(MZ),ht(MZ),hb(MZ),hτ (MZ) (use SM values
in the first run)
❄
RGE :Mz →Mu
include soft breaking terms given at high scaleMu
❄
RGE :Mu →MEWSB
iteratively calculate µ,Bµ and the mass spectrum


















Figure 6. Schematic of the algorithm we used. all the steps are described in the appendix.
where mt,mb,mτ are fermion masses and v is the Higgs field void expectation value. At
first iteration we use physical masses and SM Higgs vev v ≈ 246, 22. At next iterations
above quantities are renormalized in DR scheme and one-loop corrections are included. To
calculate top mass we use 2-loop QCD corrections [34] and 1-loop corrections from super
partners from the appendix of [35]. While calculating bottom mass we follow Les Houches
Accord [36], starting from running mass in MS scheme in SM mb
MS
SM . Next applying
procedure described in [37] we find DR mass at MZ , from which we get MSSM value
by including corrections described in appendix D of [35]. While calculating tau mass we







where we include Z self interactions described in appendix D of [35]. To calculate g1 , g2 i






A.2 RGE and Mu scale
after calculating coupling constants atMZ scale we numerically solve renormalization group
equations [33, 38], to find their values at Mu scale, at which we include the soft breaking
terms. Then we solve RGEs again to find soft terms, coupling constants, tanβ and Higgs
vev v at scale MEWSB =
√
mt˜1(MEWSB)mt˜2(MEWSB). At first iteration we take µ =
sgn(µ)1GeV and Bµ = 0 and run to scale at which the above equation is fulfilled.
A.3 Electro-weak symmetry breaking
In order to obtain correct electro-weak symmetry breaking we use minimization conditions
for the scalar potential to find new values of µ and Bµ. We include radiative corrections
in these equations by the substitution
mHu → mHu +
tu
vu




We include full one-loop corrections to tu and td presented in appendix E of [35] and leading
two-loop corrections [39–43]. Since these corrections depend on sparticle masses which in
turn depend on µ parameter that we aim to calculate, an iterative calculation is performed
to obtain new values of µ and Bµ.
If the new values differ significantly from the ones obtained in previous repetition of
the whole algorithm described above, we run back to the MZ scale and repeat the whole
calculation once again. If however the values of µ and Bµ converged, we can move on to
calculation of physicall masses.
A.4 Calculation of physical masses
To calculate physical masses we use only leading corrections described in [35] everywhere
but the Higgs sector. In the Higgs masses calculation we use full one-loop corrections
from [35] and leading two-loop corrections described in [39–43].
A.5 Constraints imposed on the scalar potential
To chceck if a given set of soft terms describes a realistic physical situation we check if the
scalar potential is not unbounded from below (UFB). And if the potential dose not have
minimums deeper than the one breaking electro-weak symmetry, which would break SU(3)
or U(1)em (CCB). [44–48]. We include simple tree level bounds:
• for UFB
|µBµ| ≤ m2Hu +m2Hd at scale Mx ∈ [MEWSB,Mu], (A.4)
• and CCB







After the calculation of the spectrum is finished, one has a whole set of parameters and
couplings that predict correct electro-weak symmetry breaking. In order to calculate fine-
tuning we solve RGE from Mu scale down to MEWSB with one of the fundamental param-
eters ai changed slightly at the high scale Mu . Than at the scale MEWSB we recalculate
the spectrum and use minimization conditions to calculate new value of tanβ and to obtain
our new prediction for m2Z , which means that we calculate numerically the derivative in the
definition of fine-tuning (2.5). We repeat that procedure for all parameters ai and obtain
our final result as a maximum of results obtained for each of those parameters (as in (2.6)).
Open Access. This article is distributed under the terms of the Creative Commons
Attribution License which permits any use, distribution and reproduction in any medium,
provided the original author(s) and source are credited.
References
[1] R. Barbieri and G. Giudice, Upper Bounds on Supersymmetric Particle Masses,
Nucl. Phys. B 306 (1988) 63 [INSPIRE].
[2] S. Dimopoulos and G. Giudice, Naturalness constraints in supersymmetric theories with
nonuniversal soft terms, Phys. Lett. B 357 (1995) 573 [hep-ph/9507282] [INSPIRE].
[3] M. Dine, W. Fischler and M. Srednicki, Supersymmetric Technicolor,
Nucl. Phys. B 189 (1981) 575 [INSPIRE].
[4] S. Dimopoulos and S. Raby, Supercolor, Nucl. Phys. B 192 (1981) 353 [INSPIRE].
[5] M. Dine and W. Fischler, A Phenomenological Model of Particle Physics Based on
Supersymmetry, Phys. Lett. B 110 (1982) 227 [INSPIRE].
[6] L. A´lvarez-Gaume´, M. Claudson and M.B. Wise, Low-Energy Supersymmetry,
Nucl. Phys. B 207 (1982) 96 [INSPIRE].
[7] M. Dine and W. Fischler, A Supersymmetric GUT, Nucl. Phys. B 204 (1982) 346 [INSPIRE].
[8] S. Dimopoulos and S. Raby, Geometric Hierarchy, Nucl. Phys. B 219 (1983) 479 [INSPIRE].
[9] C.R. Nappi and B.A. Ovrut, Supersymmetric Extension of the SU(3)× SU(2)×U(1) Model,
Phys. Lett. B 113 (1982) 175 [INSPIRE].
[10] M. Dine and A.E. Nelson, Dynamical supersymmetry breaking at low-energies,
Phys. Rev. D 48 (1993) 1277 [hep-ph/9303230] [INSPIRE].
[11] M. Dine, A.E. Nelson and Y. Shirman, Low-energy dynamical supersymmetry breaking
simplified, Phys. Rev. D 51 (1995) 1362 [hep-ph/9408384] [INSPIRE].
[12] M. Dine, A.E. Nelson, Y. Nir and Y. Shirman, New tools for low-energy dynamical
supersymmetry breaking, Phys. Rev. D 53 (1996) 2658 [hep-ph/9507378] [INSPIRE].
[13] G. Giudice and R. Rattazzi, Theories with gauge mediated supersymmetry breaking,
Phys. Rept. 322 (1999) 419 [hep-ph/9801271] [INSPIRE].
[14] P. Meade, N. Seiberg and D. Shih, General Gauge Mediation,






[15] L.M. Carpenter, Surveying the Phenomenology of General Gauge Mediation,
arXiv:0812.2051 [INSPIRE].
[16] A. Rajaraman, Y. Shirman, J. Smidt and F. Yu, Parameter Space of General Gauge
Mediation, Phys. Lett. B 678 (2009) 367 [arXiv:0903.0668] [INSPIRE].
[17] S. Abel, M.J. Dolan, J. Jaeckel and V.V. Khoze, Phenomenology of Pure General Gauge
Mediation, JHEP 12 (2009) 001 [arXiv:0910.2674] [INSPIRE].
[18] T. Kobayashi, Y. Nakai and R. Takahashi, Fine Tuning in General Gauge Mediation,
JHEP 01 (2010) 003 [arXiv:0910.3477] [INSPIRE].
[19] B. Allanach, SOFTSUSY: a program for calculating supersymmetric spectra,
Comput. Phys. Commun. 143 (2002) 305 [hep-ph/0104145] [INSPIRE].
[20] W. Porod, SPheno, a program for calculating supersymmetric spectra, SUSY particle decays
and SUSY particle production at e+e− colliders, Comput. Phys. Commun. 153 (2003) 275
[hep-ph/0301101] [INSPIRE].
[21] A. Djouadi, J.-L. Kneur and G. Moultaka, SuSpect: A Fortran code for the supersymmetric




[24] J.R. Ellis, G. Ridolfi and F. Zwirner, Radiative corrections to the masses of supersymmetric
Higgs bosons, Phys. Lett. B 257 (1991) 83 [INSPIRE].
[25] Y. Okada, M. Yamaguchi and T. Yanagida, Upper bound of the lightest Higgs boson mass in
the minimal supersymmetric standard model, Prog. Theor. Phys. 85 (1991) 1 [INSPIRE].
[26] H.E. Haber and R. Hempfling, Can the mass of the lightest Higgs boson of the minimal
supersymmetric model be larger than m(Z)?, Phys. Rev. Lett. 66 (1991) 1815 [INSPIRE].
[27] P.H. Chankowski, J.R. Ellis, M. Olechowski and S. Pokorski, Haggling over the fine tuning
price of LEP, Nucl. Phys. B 544 (1999) 39 [hep-ph/9808275] [INSPIRE].
[28] L.M. Carpenter, M. Dine, G. Festuccia and J.D. Mason, Implementing General Gauge
Mediation, Phys. Rev. D 79 (2009) 035002 [arXiv:0805.2944] [INSPIRE].
[29] F. Brummer and W. Buchmu¨ller, The Fermi scale as a focus point of high-scale gauge
mediation, JHEP 05 (2012) 006 [arXiv:1201.4338] [INSPIRE].
[30] K. Hagiwara, R. Liao, A.D. Martin, D. Nomura and T. Teubner, (g − 2)mu and α(M2Z)
re-evaluated using new precise data, J. Phys. G 38 (2011) 085003 [arXiv:1105.3149]
[INSPIRE].
[31] M. Davier, A. Hoecker, B. Malaescu and Z. Zhang, Reevaluation of the Hadronic
Contributions to the Muon g-2 and to α(M2Z), Eur. Phys. J. C 71 (2011) 1515 [Erratum
ibid. C 72 (2012) 1874] [arXiv:1010.4180] [INSPIRE].
[32] D. Sto¨ckinger, The Muon Magnetic Moment and Supersymmetry, J. Phys. G 34 (2007) R45
[hep-ph/0609168] [INSPIRE].
[33] S.P. Martin, A Supersymmetry primer, hep-ph/9709356 [INSPIRE].
[34] L. Avdeev and M.Y. Kalmykov, Pole masses of quarks in dimensional reduction,






[35] D.M. Pierce, J.A. Bagger, K.T. Matchev and R.-j. Zhang, Precision corrections in the
minimal supersymmetric standard model, Nucl. Phys. B 491 (1997) 3 [hep-ph/9606211]
[INSPIRE].
[36] P.Z. Skands, B. Allanach, H. Baer, C. Bala´zs, G. Be´langer et al., SUSY Les Houches accord:
Interfacing SUSY spectrum calculators, decay packages and event generators,
JHEP 07 (2004) 036 [hep-ph/0311123] [INSPIRE].
[37] H. Baer, J. Ferrandis, K. Melnikov and X. Tata, Relating bottom quark mass in DR-BAR
and MS-BAR regularization schemes, Phys. Rev. D 66 (2002) 074007 [hep-ph/0207126]
[INSPIRE].
[38] Y. Yamada, Two loop renormalization of tan beta and its gauge dependence,
Phys. Lett. B 530 (2002) 174 [hep-ph/0112251] [INSPIRE].
[39] A. Dedes and P. Slavich, Two loop corrections to radiative electroweak symmetry breaking in
the MSSM, Nucl. Phys. B 657 (2003) 333 [hep-ph/0212132] [INSPIRE].
[40] A. Dedes, G. Degrassi and P. Slavich, On the two loop Yukawa corrections to the MSSM
Higgs boson masses at large tan beta, Nucl. Phys. B 672 (2003) 144 [hep-ph/0305127]
[INSPIRE].
[41] A. Brignole, G. Degrassi, P. Slavich and F. Zwirner, On the two loop sbottom corrections to
the neutral Higgs boson masses in the MSSM, Nucl. Phys. B 643 (2002) 79
[hep-ph/0206101] [INSPIRE].
[42] A. Brignole, G. Degrassi, P. Slavich and F. Zwirner, On the O(α(t)2) two loop corrections to
the neutral Higgs boson masses in the MSSM, Nucl. Phys. B 631 (2002) 195
[hep-ph/0112177] [INSPIRE].
[43] G. Degrassi, P. Slavich and F. Zwirner, On the neutral Higgs boson masses in the MSSM for
arbitrary stop mixing, Nucl. Phys. B 611 (2001) 403 [hep-ph/0105096] [INSPIRE].
[44] J. Frere, D. Jones and S. Raby, Fermion Masses and Induction of the Weak Scale by
Supergravity, Nucl. Phys. B 222 (1983) 11 [INSPIRE].
[45] L. A´lvarez-Gaume´, J. Polchinski and M.B. Wise, Minimal Low-Energy Supergravity,
Nucl. Phys. B 221 (1983) 495 [INSPIRE].
[46] J. Derendinger and C.A. Savoy, Quantum Effects and SU(2)×U(1) Breaking in Supergravity
Gauge Theories, Nucl. Phys. B 237 (1984) 307 [INSPIRE].
[47] C. Kounnas, A. Lahanas, D.V. Nanopoulos and M. Quiro´s, Low-Energy Behavior of Realistic
Locally Supersymmetric Grand Unified Theories, Nucl. Phys. B 236 (1984) 438 [INSPIRE].
[48] M. Claudson, L.J. Hall and I. Hinchliffe, Low-Energy Supergravity: False Vacua and Vacuous
Predictions, Nucl. Phys. B 228 (1983) 501 [INSPIRE].
– 15 –
